Objective: Visceral artery pseudoaneurysms (VAPA) are associated with a high morbidity and mortality, but sometimes are missed in initial computed tomography (CT) examinations. The aims of this study were to determine the frequency and causes of misdiagnoses of VAPA with CT. Materials and Methods: We retrospectively identified 77 patients with VAPA in our database who underwent contrast-enhanced CT. The frequency of delayed diagnosis was determined and the reasons were noted. We identified the etiology of VAPA, measured size, and noted the affected vessels. Results: Forty-five of the 77 patients (58 %) had a delayed diagnosis of VAPA. There was no difference in the rate of missed VAPA in symptomatic compared to asymptomatic patients (p = 0.255). The majority of VAPA were associated with previous surgery or interventions (n = 48/62 %). The major affected vessel was the hepatic (n = 31) followed by the splenic artery (n = 17). The main reasons for misdiagnosis were a missed arterial phase in CT (n = 16/36 %), artifacts masking the aneurysm (n = 9/20 %), overlooked pseudoaneurysm (n = 19/42 %), and misinterpretation by attending radiologists (n = 1/2 %). Missed VAPA were smaller (median 8 mm) than those VAPA that were initially diagnosed (median 13 mm, p < 0.01), but occurred with a similar frequency in larger and smaller visceral arteries (p = 0.601). Conclusions: Our study showed that 58 % of VAPA were diagnosed with delay, with the following four reasons for misdiagnosis: Lack of an arterial contrast phase in CT, no techniques for artifact reduction, and lack of awareness of the radiologists. Avoiding delayed diagnosis will most probably improve outcome of patients with VAPA.
Introduction
Visceral artery aneurysms are aneurysms affecting the celiac, superior or inferior mesenteric arteries and their branches. In true visceral artery aneurysms, all three layers of the arterial wall are bulging, whereas in visceral artery pseudoaneurysms (VAPA), there is a tear in the vessel wall and only the adventitial layer of the vascular wall is bulging [1] .VAPA are typically the result of inflammation, peptic ulcer disease, dissection or trauma including iatrogenic causes such as surgery or interventional procedures [2] [3] [4] [5] . Another rare cause of pseudoaneurysm formation is segmental arterial mediolysis (SAM), where a tear separates the outer medial muscle from the adventitia [6] [7] [8] .
Mainly because of more widespread and progressively extensive hepatobiliary surgery and percutaneous interventions, the incidence of VAPA has been suspected to increase [9, 10] . Moreover, the increasingly unrestricted use of cross-sectional abdominal imaging such as computed tomography (CT) and magnetic resonance (MR) imaging has led to a higher detection rate of visceral aneurysm in recent years [11] [12] [13] . Still, VAPA are considered to be underdiagnosed, and patients often present to the hospital only when complications occur [14, 15] .
The most common complication of VAPA is rupture and hemorrhage, with potentially devastating consequences for the patient both in terms of morbidity and mortality [9, 11, 14] . Recent studies reported a rupture rate of pseudoaneurysms of 76,3 %, with a high mortality rate, up to 21 % for visceral aneurysm [11, 14] . Thus, early recognition of VAPA seems to be essential for early and appropriate treatment.
According to our clinical experience, VAPA continue to be missed despite of the extensive use of CT imaging. Thus, the aims of this study were first, to determine the frequency of misdiagnoses of VAPA in our department and second, to determine the reasons for these misdiagnoses.
Material and methods

Patient population
In this retrospective study, we searched in our electronic database system in the years from January 2001 to May 2018 for the terms "pseudoaneurysm", "aneurysm of visceral artery", "false aneurysm", and "aneurysma spurium" in all radiological reports, yielding a total of 617 patients who underwent a contrast-enhanced CT examination. Pseudoaneurysms of the abdominal aorta and outflow vessels (n = 228), thoracic aorta, and of other thoracic (n = 288) and renal vessels (n = 15) were excluded. Nine patients with VAPA's were excluded because the final diagnosis was a true visceral aneurysm. The remaining 77 patients (20 female, 57 male, mean age 57 ± 15 years) with VAPA were included in this study (Table 1) .
When available, the diagnosis of VAPA was made on the basis of pathologic studies or autopsy data. When pathologic specimens were not available, the diagnosis was based on patient history including recurrent or acute pancreatitis, trauma, previous abdominal interventions or surgery in conjunction with repetitive radiologic examinations, as previously shown [14] . Digital subtraction angiography (DSA) was available in 70 of the 77 patients (91 %); the remaining 7 patients had repetitive CT follow-up. Six patients had an additional MR imaging examination during follow-up.
When the final diagnosis of VAPA was confirmed, all previous imaging studies (especially the initial CT), were re-evaluated by an experienced radiologist who noted the presence of a VAPA. If a pseudoaneurysm was present we reviewed the written report and noted if the correct diagnosis was made in initial CT.
This retrospective study had institutional board approval, written consent requirement was waived.
Data analysis
We reviewed the clinical data and electronic medical records of all 77 patients. The reviewed variables included age, sex, hypertension, diabetes, smoking, renal failure, symptoms and clinical presentation at the time of initial CT, previous surgery and interventions, and treatment modality. Patient outcome was investigated at the end of hospitalization and for a six months follow up, from medical reports and from imaging in our electronic medical system. Radiological reports were reviewed and the reasons (indications) for referral to CT were noted. All CT, DSA and MR images were analyzed by two radiologists in consensus. The two readers noted the location and size of VAPA. The latter was determined as maximum diameter (measured with an electronic caliper) in initial CT. Causes for missing the diagnosis of VAPA in initial CT were categorized as follows:
1. Missing contrast media phase; 2. Artifacts masking the pseudoaneurysm; 3. Overlooked pseudoaneurysms not recognized by the attending radiologist; and 4. False interpretation of the CT imaging findings.
Results
Two patients (3 %) had two VAPAs and one patient presented with three VAPAs in different visceral arteries (total number of VAPA in the 77 patients, n = 81).
Of the 77 patients with VAPA, 32 (42 %) were diagnosed correctly at first CT, meaning that the VAPA was mentioned in the report of the attending radiologist in the initial CT examination. In the remaining 45 patients (58 %), the VAPA was not initially diagnosed (i.e., not mentioned in the first report) and thus was considered "missed" (Fig. 1) . In all of the three patients with more than one VAPA, at least one pseudoaneurysm was missed in the initial radiological report. 
Etiology of VAPA
In the majority of cases (n = 48, 62 %), the etiology of VAPA was a foregoing medical procedure (either surgery or intervention). The majority of patients in this subgroup (n = 19, 25 %) underwent pancreas surgery (mostly Whipple procedures (n = 10, 13 %) or others (n = 9, 12 %)), followed by hepatobiliary surgery (transplantation, hemihepatectomy or cholecystectomy, n = 12, 16 %). In four cases (5 %) surgery involved the gastrointestinal tract (including gastrectomy and small bowel resection) and eight patients (10 %) had other surgery such as renal transplantation and Y-grafting of the aorta. Eight patients (10 %) underwent minimally invasive interventions such as percutaneous biopsy, percutaneous transhepatic biliary drainage (PTBD, embolization or endoscopic retrograde cholangiopancreatography. In 13 patients (17 %) the etiology of VAPA was acute or chronic pancreatitis. Further etiologies of VAPA are listed in Table 2 .
Location of VAPA
In the majority of cases VAPA involved the hepatic artery (n = 31, 38 %), followed by the splenic (n = 18, 22 %) and superior mesenteric artery (SMA) (n = 8, 10 %). The coeliac trunk and gastroduodenal artery were each involved six times (7 %).
VAPAs in the hepatic artery were missed in 20/31 cases (65 %) and VAPAs in the splenic artery were missed in 10/18 cases (56 %). All VAPAs in the ileocolic and jejunal artery (each, n = 2) were missed, but none was missed in pancreatic arteries (n = 3) and in the left gastric artery (n = 1). Of the six VAPAs in the coeliac trunk and gastroduodenal artery four were missed (67 %). Six out of 8 VAPAs (75 %) were missed in the SMA, and three of four VAPAs (75 %) were missed in the pancreaticoduodenal artery.
We subdivided the VAPA locations into two groups: those located in major visceral vessels including the splenic artery, the hepatic artery, the coeliac trunk, the left gastric artery and the SMA; and those located in minor, smaller vessels, including the ileocolic and jejunal arteries, the gastroduodenal artery, the small segmental branches of the hepatic artery and branches of the pancreatic arteries. Using this subdivision, we found no significant differences in the rate of VAPA that were missed in major as compared to those missed in minor, smaller vessels (Chi-Square test, p = 0.601).
Size of VAPA
The overall size of VAPA (n = 81) ranged from 2 to 60 mm (median diameter 9 mm, Table 3 ). The median size increase of VAPA over one month was 2 mm (range 0-33 mm). The median size of missed VAPA (8 mm) was significantly smaller than that of correctly diagnosed VAPA (median diameter 13 mm, Mann-Whitney U test, p < 0.01).
Clinical presentation of patients with VAPA
Sixty-one of the 77 patients (79 %) had symptoms upon hospital admission and 16/77 patients (21 %) were asymptomatic, meaning that the latter patients received a CT scan not directly related to the VAPA or received a screening CT in case of sepsis. Out of the 61 patients with symptoms, 57 (74 %) presented with a ruptured VAPA, in four cases (4/ 77, 5 %) no rupture was detected and abdominal pain was the sole symptom.
Of the 57 patients with ruptured VAPA 8 patients (10 %) had hemodynamic shock, 7 (9 %) had non-specific symptoms such as abdominal pain, and 48 (62 %) showed direct or indirect signs of bleeding with the majority having a reduced hemoglobin count (n = 14, 18 %), hemobilia or bleeding from a PTBD (n = 10, 13 %), or upper/lower gastrointestinal bleeding (n = 11, 14 %).
Of the 45 patients with initially missed diagnosis, 38 (84 %) had a reduced hemoglobin count and 7 (16 %) were asymptomatic, meaning that the VAPA was an incidental finding in follow-up CT performed for reasons not directly related to the pseudoaneurysm. Of the 32 patients (42 %) with a correct initial diagnosis, 22 (69 %) had symptoms while 10 (31 %) were asymptomatic (Table 4) . There was no difference in the rate of missed VAPA in symptomatic as compared to that in asymptomatic patients (Chi-Square test, p = 0.255).
Reasons for misdiagnosis of VAPA in CT
Missing contrast phase: In 16 of the 45 cases (36 %) with missed VAPA in CT, no arterial contrast media phase was acquired, making it difficult to differentiate the aneurysm from surrounding tissue, including adjacent veins and/or lymph nodes (Fig. 2) . Retrospective analysis of the written indication for CT by referring physicians in this group showed the following: in 6 of these 16 patients (38 %) the clinical indication for CT was abdominal infection/abscess, in 4/16 patients (25 %) the indication was related to tumor progression, in 3/16 patients (19 %) the indication was ileus or leakage of a gastrointestinal tract anastomosis, and in one case (6 %) the indication was abdominal venous thrombosis. In one case (6 %) the clinical question was bleeding, but the CT scan start was delayed because of technical problems, and in one case (6 %) the indication for CT included various unspecific questions (i.e., infection/abscess, ileus, free fluid, bleeding), so the protocol was not focused on bleeding and/or aneurysm search. Artifacts: In 9 of the 45 cases (20 %), the localization of the VAPA was directly adjacent to surgical clips, drainages or other interventional foreign bodies (such as a PTBD drain or a coil), hereby making the correct identification of the pseudoaneurysm difficult because of artifacts (Fig. 3) . In 3 of these 9 cases an arterial contrast media phase was also not acquired, which further complicated the diagnosis.
Overlooked diagnosis: In 19 of the 45 patients (42 %) the VAPA was missed (Fig. 4) despite of the presence of multi-phase CT including an arterial phase and in the absence of artifacts.
Misinterpretation: In one patient, the attending radiologist misinterpreted the VAPA including contained rupture as a partially enhancing abdominal mass of unknown etiology (Fig. 5 ).
Follow-up of VAPA
In 62 of the 77 cases (81 %) with VAPA, interventional aneurysm treatment was performed (coil embolization, stent grafting or glue embolization), and one patient (1 %) underwent open surgery. In 14 cases (18 %), patients were treated conservatively or intervention was unsuccessful. Sixty-one patients (79 %) had a satisfactory final outcome without further complications, 4 (5 %) underwent a secondary intervention/surgery, three patients (4 %) had minor complications such as partial spleen/liver infarction, and 9 patients (12 %) died soon after diagnosis ( Table 5 ). Out of the 9 patients with poor outcome, five patients died because of bleeding complications shortly after the intervention or because of an unsuccessful intervention, one patient died three months later because of a new ruptured VAPA, two died of gut ischemia/perforation and one died because of thrombosis.
Discussion
The detection rate of VAPA is increasing owing to the more widespread use of cross-sectional imaging [3] . Also, surgery has become more extensive and various new interventional procedures evolved over the past decade, which also results in an increased prevalence of VAPA. In our study, 48 % of the patients with VAPA had foregoing medical procedures, mostly pancreas (25 %) or hepatobiliary surgery (16 %), and 10 % had previous interventions. The etiology of VAPA in 17 % was acute or chronic pancreatitis. The clinical complexity of the disease is also highlighted by the fact that 73 % of our patients had relevant comorbidities, including hypertension, smoking, acute or chronic nephropathy, and diabetes. VAPA are potentially life-threatening and missed or delayed diagnosis may worsen the patients' prognosis. Independent of their associated symptoms or diameter, pseudoaneurysm should always be treated [16] . In our center we treated most patients (81 %) with VAPA through endovascular procedures, while only 1 % underwent open surgery. Most of the patients (79 %) had a good final outcome, 9 % had minor complications or needed further intervention, but 12 % had major complications eventually leading to death.
There have been some studies analyzing the impact of initially misdiagnosed true aneurysms [17, 18] , but none so far -to our knowledge -analyzed the frequency and reasons for missed or delayed diagnosis of VAPA. We found that more than half (58 %) of our patients had been initially misdiagnosed. The majority of VAPAs occurred in the hepatic (38 %) and splenic artery (22 %). Only 10 % occurred in the SMA and 7 % each in the coeliac trunk and in the gastroduodenal artery. Interestingly, we found no difference between VAPA missed in smaller vessels than those missed in larger vessels, and there was also no difference in the rate of missed VAPA in symptomatic versus asymptomatic patients. As expected, we found that correctly diagnosed VAPA were on average larger than missed ones.
Misdiagnoses were caused by several reasons: in 36 % of the cases the presenting symptoms were not specific and the first assessment with CT was made with a portal-venous phase only (without adding an arterial phase). In these patients the question of referring physicians included always other abdominal diseases which not necessarily requiring an arterial phase of enhancement. There is a known time delay between bleeding and lowering of the hemoglobin count and sometimes laboratory test results are not ready before CT. This highlights the fact that the clinical suspicion of complicated VAPA remains difficult also from a clinical perspective. Thus, radiologists should -based on the previous history of the patient and in particular when it includes foregoing pancreatic and/or hepatic surgery/interventions and diseases -add an arterial phase to the CT protocol independently of the specific clinical question at hand, since an arterial phase CT is the most useful method for detecting pseudoaneurysms and bleeding [19, 20] .
Twenty percent of our patients with a misdiagnosed VAPA had a surgical drain or coil material within the abdomen, being the cause for artifacts masking the pseudoaneurysm. It is known that metallic implants induce artifacts in CT imaging, thus potentially masking pathologies [21, 22] . Thus, implementation of metal artifact reduction software in routine clinical CT protocols appears mandatory for improving the diagnostic capabilities of radiological images [23] . In our study, we found that even changing the window settings (and without applying sophisticated artifact reduction techniques) may help in improving the conspicuity of VAPA detection (see examples in Figs. 2 and  3) .
In our patients, 42 % of missed VAPA were overlooked by the attending radiologists. VAPA were often the result of foregoing abdominal surgery and interventions such as Whipple's operation or liver transplantation [24] . Such patients often have alterations in their normal vessel anatomy with some vessels were clipped, thus making the diagnosis and interpretation of images for less experienced radiologists difficult [25, 26] . Knowledge of the normal postoperative anatomy should be therefore enhanced and radiologists should gather further information regarding the type of surgery and the patient's clinical conditions before interpreting CT [27] . Similar explanations might hold true for the one case with misinterpretation of the VAPA as an enhancing abdominal mass of unknown etiology. Focused and continuous teaching of young radiologists should be done and second readings by more experienced staff should be standard for reducing the number of diagnostic errors [28, 29] . In our experience, thick maximum intensity projection images in both axial and coronal planes are particularly helpful for making the diagnosis of VAPA.
The phenomenon of "satisfaction of search" is a well-known type of diagnostic error in radiology, meaning that if an abnormal finding is first detected radiologists often stop searching and other findings might be missed [30] . This is consistent with our study where in all three patients simultaneously presenting with more than one VAPA, at least one pseudoaneurysm was missed. This shows the importance of an accurate review of CT scans even if a major finding has been already detected.
The following study limitations must be acknowledged. First, this retrospective study included only VAPA that were diagnosed as some time-point hereby potentially underestimating their real frequency. There might be a larger number of patients with missed VAPA, who joined another hospital for further treatment, or that were asymptomatic in the further course of the disease. On the other hand, since our hospital is a primary care center for extended abdominal surgery the true frequency of diagnosed and misdiagnosed VAPA could have been overestimated as well. Second, we did not consider patients undergoing MR imaging, since CT is the modality of choice in the emergency setting of our hospital and CTA is known to be the standard non-invasive imaging method for the assessment of the aorta [31] and its branches. Finally, we have no histopathological proof of the diagnosis of pseudoaneurysm in most cases, similar to previous studies [14] .
In conclusion, we found a considerable frequency of delayed diagnosis of VAPA. Since clinical and laboratory findings may be unspecific at the time of CT, early and correct radiological diagnosis is crucial to not worsen the prognosis of the patients. Including an arterial contrast media phase to the CT protocol, techniques for artifact reduction and increased awareness of the attending radiologist to the diagnosis of VAPA appear to be the most effective ways to reduce the relatively high misdiagnosis rate.
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